Coffee, a rich source of natural products, including caffeine, chlorogenic acid, and diterpenoid alcohols, has been part of the human diet since the 15th century. In this study, we characterized the effects of Colombian coffee extract (CE), which contains high concentrations of caffeine and diterpenoids, on a rat model of human metabolic syndrome. The 8-9 wk old male Wistar rats were divided into four groups. Two groups of rats were fed a corn starch-rich diet whereas the other two groups were given a high-carbohydrate, high-fat diet with 25% fructose in drinking water for 16 wk. One group fed each diet was supplemented with 5% aqueous CE for the final 8 wk of this protocol. The corn starch diet contained ;68% carbohydrates mainly as polysaccharides, whereas the high-carbohydrate, high-fat diet contained ;68% carbohydrates mainly as fructose and sucrose together with 24% fat, mainly as saturated and monounsaturated fat from beef tallow. The high-carbohydrate, high-fat diet-fed rats showed the symptoms of metabolic syndrome leading to cardiovascular remodeling and nonalcoholic fatty liver disease. CE supplementation attenuated impairment in glucose tolerance, hypertension, cardiovascular remodeling, and nonalcoholic fatty liver disease without changing abdominal obesity and dyslipidemia. This study suggests that CE can attenuate diet-induced changes in the structure and function of the heart and the liver without changing the abdominal fat deposition.
Introduction
Increased intake of cafeteria or Western diets with higher energy content correlates with the deposition of excess energy in the form of fat in adipose tissue, leading to obesity (1, 2) . The risk of cardiovascular disease and nonalcoholic fatty liver disease increases with obesity (3) (4) (5) , increasing the burden on health costs (6) . Coffee, a widely consumed beverage in Western diets (7) , contains the alkaloid caffeine, the diterpenoid alcohols cafestol and kahweol, potassium, niacin, magnesium, and antioxidant substances such as chlorogenic acid and tocopherols (8) (9) (10) (11) . Epidemiological studies on the effects of coffee drinking have been inconclusive, e.g., on hypertension (12) , due to the association of coffee drinking with smoking, higher food intake, less fruit intake, and sedentary lifestyle compared to tea drinkers (13) . An inverse relationship was found between coffee consumption and serum uric acid concentration, a risk factor for cardiovascular disease (14) .
Coffee consumption may reduce the risks of type 2 diabetes, cardiovascular disease, and some cancers (7, (15) (16) (17) (18) . However, nonfiltered, boiled coffee, in contrast to filtered coffee, increased the serum LDL cholesterol concentrations in mildly to moderately hypercholesterolemic middle-aged men and women without affecting HDL cholesterol, VLDL cholesterol, and TG concentrations in serum (19) . This suggests that the brewing process plays an important role in the effects of coffee (11, 20) , because boiled coffee contains higher concentrations of diterpenoid alcohols compared to filtered coffee (20) . Boiled coffee consumption has been correlated with the increase in serum cholesterol concentrations and subsequent increased risk of cardiovascular disease (11) . In atherogenic diet-fed hamsters, coffee supplementation inhibited weight gain without changing the lipid profile (20) . The individual constituents of coffee may alter components of metabolic syndrome. In Spontaneously Hypertensive Rats, 0.5% chlorogenic acid supplementation in the diet for 8 wk inhibited the increase in blood pressure, reduced oxidative stress, and improved bioavailability of NO (21) . Caffeine treatment (0.1% in drinking water) to obese, diabetic ZSF1 rats for 30 wk improved glucose and insulin responses but induced adverse effects on kidney function and increased plasma cholesterol concentrations (22) . This study measured the effects of CE on metabolic variables and the structure and function of the cardiovascular system and liver in high-carbohydrate, high-fat diet-fed rats. High-carbohydrate, high-fat diet-fed rats showed symptoms of metabolic syndrome with metabolic abnormalities, cardiovascular remodeling, and nonalcoholic steatohepatitis (23) . Following CE supplementation for 8 wk, the structure and function of the heart were characterized through echocardiography, isolated Langendorff heart preparation, and histopathology, and the structure and function of the liver were characterized through histopathology and plasma biochemical analyses. In addition, metabolic function was characterized through glucose tolerance testing and plasma insulin concentrations.
Materials and Methods
Rats, experimental diets, and treatment with CE. All experimental protocols were approved by The University of Queensland Animal Experimentation Ethics Committee under the guidelines of the National Health and Medical Research Council of Australia. Male Wistar rats (8-9 wk old, weighing 337 6 1 g, n = 40) were supplied by The University of Queensland Biological Resources facility. Rats were randomly divided into 4 experimental groups: corn starch-rich diet-fed rats (C 7 ; n = 10), corn starch-rich diet-fed rats treated with CE (CC; n = 10), high-carbohydrate, high-fat diet-fed rats (H; n = 10), and highcarbohydrate, high-fat diet-fed rats treated with CE (HC, n = 10). The micronutrient and macronutrient compositions of these diets was previously described (23) (24) (25) . H and HC rats were also given 25% fructose in drinking water along with the diets, whereas normal drinking water without any supplementation was given to C and CC rats. C and H rats were fed with respective diets for 16 wk. CC and HC rats were fed with C and H diets, respectively, for the first 8 wk and then their diets were supplemented with 5% CE for an additional 8 wk. CE was prepared by mixing Colombian coffee (50 g) with hot water (100 mL) and then filtering after 5 min of mixing to obtain 50 mL of extract. This extract was then mixed in the food by replacing 50 mL water/kg food. Fresh extract was prepared during each food preparation. All the rats consumed food and water ad libitum and were individually housed in temperature-controlled, 12-h-light/-dark conditions. Rats were monitored daily for body weight and food and water intakes. Daily coffee intake was calculated from the daily food intake. Oral glucose tolerance tests and SBP measurements were performed on all group of rats every 4th wk starting at wk 0 as in previous study (23) . Abdominal circumference and body length of rats were measured using a standard measuring tape during the period of anesthesia for SBP measurements (23) . BMI and energy efficiency were calculated as in previous study (23) . The concentrations of caffeine, chlorogenic acid, kahweol, and cafestol in coffee were measured by HPLC (Supplemental Figs. 1-3 ).
Echocardiography. Echocardiographic examinations (Phillips iE33, 12
MHz transducer) were performed to assess the cardiovascular structure and function in all rats at the end of protocol as previously described (23) . Briefly, rats were anesthetized using Zoletil (25 mg/kg tiletamine and 25 mg/kg zolazepam, i.p.; Virbac) and Ilium Xylazil (15 mg/kg xylazine, i.p.; Troy Laboratories) and positioned in dorsal recumbency.
Electrodes attached to the skin overlying the elbows and right stifle facilitated the simultaneous recording of a lead II electrocardiogram. A short-axis view of the left ventricle at the level of the papillary muscles was obtained and used to direct acquisition of M mode images of the left ventricle for measurement of IVSd, LVPWd, LVIDs, and LVIDd. Measurements were taken in accordance with the guidelines of the American Society of Echocardiography using the leading-edge method. Details of this method were previously described (23) . The ventricular contractility indexes were calculated as described in previous studies (26) (27) (28) . These indexes included the ratios of SBP:LVIDs, SBP:systolic volume, and ESS:LVIDs.
Isolated Langendorff heart preparation. Rats were killed with Lethabarb (pentobarbitone sodium, 100 mg/kg, i.p.; Virbac). After killing, heparin (200 IU; Sigma-Aldrich Australia) was injected through the right femoral vein. The abdomen was then opened and blood (;5 mL) was withdrawn from the abdominal aorta, collected into heparinized tubes, and centrifuged at 5000 3 g for 15 min to obtain plasma. Plasma was stored at 2208C before further biochemical analysis. Hearts were removed and used in isolated Langendorff heart preparations to assess left ventricular function of the rats, as in a previous study (23 Vascular reactivity. Thoracic aortic rings (;4 mm in length) were suspended in an organ bath filled with Tyrode physiological salt solution bubbled with 95% O 2 -5% CO 2 and maintained at 358C and allowed to stabilize at a resting tension of ;10 mN (23). Cumulative concentrationresponse curves (contraction) were obtained for noradrenaline (SigmaAldrich Australia) and cumulative concentration-response curves (relaxation) were obtained for acetylcholine (Sigma-Aldrich Australia) and sodium nitroprusside (Sigma-Aldrich Australia) following submaximal (70%) contraction to noradrenaline (23) .
Organ weights and histology. After performing Langendorff heart perfusion, hearts were separated into right ventricle and left ventricle (with septum) (n = 8) for weighing. Livers and abdominal fat pads (retroperitoneal, epididymal, and omental) were isolated and weighed (n = 8). These organ weights were normalized to the tibial length at the time of removal and expressed as mg of tissue/mm of tibial length (23) . The heart and liver of rats (n = 2 from each group) were exclusively used for histopathological analysis as in previous study (23) . For staining, thin sections (5 mm) of tissues were cut and fixed on slides. Heart sections were stained with picrosirius red to study collagen deposition and were analyzed using laser confocal microscopy (Zeiss LSM 510 upright confocal microscope). Hematoxylin and eosin stain was used to visualize infiltration of inflammatory cells in both the heart and the liver, whereas Milligan's stain was used to study the perivascular fibrosis in the liver. After staining with hematoxylin and eosin or Milligan's stains, pictures were taken with a Zeiss Microscope. From each tissue sample, three slides were prepared and two random, nonoverlapping fields were selected from each slide. A representative picture was randomly selected from each group.
Biochemical analysis of plasma samples. Plasma activities of ALT, AST, ALP, and LDH, and plasma concentrations of total cholesterol, TG, albumin, total proteins, total bilirubin, urea, and uric acid were determined. All these variables were measured using kits and controls supplied by Olympus using an Olympus analyzer (AU 400) (23) . NEFA in plasma were determined using a commercial kit (Wako) (23) . Plasma concentrations of insulin (Laboratory Diagnostics) were measured using 7 Abbreviations used: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; C, corn starch-rich diet-fed rats; CC, corn starch-rich dietfed rats treated with coffee extract; CE, coffee extract; ESS, end-systolic wall stress; H, high-carbohydrate, high-fat diet-fed rats; HC, high-carbohydrate, high-fat diet-fed rats treated with coffee extract; IVSd, interventricular septum thickness during diastole; LDH, lactate dehydrogenase; LVIDd, left ventriclar internal diameter during diastole; LVIDs, left ventriclar internal diameter during systole; LVPWd, left ventricular posterior wall thickness during diastole; NEFA, nonesterified fatty acids; SBP, systolic blood pressure.
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Statistical analysis. All data are presented as mean 6 SEM. All the groups were tested for variance using Bartlett's test and variables that were not normally distributed were transformed (using log 10 function) prior to statistical analyses. All groups were tested for the effects of diets, treatment, and their interactions by 2-way ANOVA. When interaction and/or the main effects were significant, means were compared using Newman-Keuls multiple comparison post-test. Mean daily doses of caffeine, chlorogenic acid, cafestol, and kahweol between CC and HC rats were compared using Student's t test. P , 0.05 was considered significant. All statistical analyses were performed using GraphPad Prism version 5.00 for Windows.
Results
Coffee composition and dosage. Coffee contained 12.5 6 0.4 mg/g caffeine (Supplemental Fig. 1 ), 1.5 6 0.1 mg/g chlorogenic acid (Supplemental Fig. 2 ), 4.2 6 0.1 mg/g cafestol, and 4.9 6 0.1 mg/g kahweol (Supplemental Fig. 3 ). The daily doses (mg/kg) were higher in CC rats (caffeine, 68.3 6 2.6; chlorogenic acid, 8.2 6 0.3; cafestol, 23.0 6 0.9; kahweol, 26.8 6 1.0) than in HC rats (caffeine, 32.0 6 1.3; chlorogenic acid, 3.8 6 0.2; cafestol, 10.8 6 0.4; kahweol, 12.5 6 0.5) due to higher food consumption by CC rats (P , 0.0001) ( Table 1) .
Physiological and metabolic variables. The H rats had higher body weights compared to C rats. HC rats had even higher body weights compared to H rats, whereas the body weight of CC rats did not differ from C rats (Fig. 1A) . Although H rats consumed less food and water compared to C rats, H rats had higher energy intake compared to C rats. CC rats had higher water intake compared to C rats, whereas water intake did not differ between H and HC rats. CC and HC rats consumed more food and had higher energy intake compared to C and H rats, respectively (Table 1) . Energy efficiency and BMI were higher in H rats compared with C rats. These variables did not differ in CC and HC rats compared with C and H rats, respectively (Table 1) .
Basal blood glucose concentrations were higher in H rats compared to C rats and these were normalized in HC rats (Table  1) . H rats had lower glucose tolerance with a higher AUC compared to C rats. CE attenuated this impairment of glucose tolerance with lower AUC in HC rats compared to H rats ( Fig.  1B ; Table 1 ). Plasma insulin was higher in H rats compared to C rats and it was lower in HC rats than H rats (Table 1) . Plasma concentrations of total cholesterol, TG, and NEFA were higher in H rats compared to C rats. Plasma concentrations of total cholesterol were lower in HC rats than in H rats (Table 1) . Plasma TG concentrations were higher in HC rats compared to H rats, whereas their plasma NEFA concentrations did not differ. Plasma total cholesterol and TG concentrations did not differ between the C and CC rats, whereas plasma NEFA concentrations were higher in CC rats compared to C rats (Table 1) .
Abdominal circumference was higher in H rats compared to C rats. Abdominal circumference was higher in CC rats compared to C rats, whereas it did not differ between H and HC rats (Fig. 1C) . Similarly, the total abdominal fat deposition was higher in H rats compared to C rats. Total abdominal fat deposition as well as retroperitoneal, epididymal, and omental fat did not differ in CC and HC rats compared to C rats and H rats, respectively (Table 1) .
Cardiovascular structure and function. SBP was higher in H rats compared to C rats. HC rats had lower SBP than H rats, whereas SBP in CC rats did not differ from that in C rats (Fig.  1D ). LVIDd and LVPWd were higher in H rats compared to C rats. LVIDd was lower whereas LVPWd was higher in HC rats compared to H rats. These variables did not differ between CC and C rats ( Table 2) . Systolic volume was higher in H rats compared to C rats and it was lower in HC rats compared to H rats (Table 2 ). IVSd was higher in H rats than in C rats and it did not differ in CC and HC rats compared with C and H rats, respectively. LVIDs was higher in H rats than in C rats and this was normalized in HC rats ( Table 2 ). The ratios of SBP:LVIDs and SBP:systolic volume were lower and ESS:LVIDs was higher in H rats compared to C rats. These indexes for ventricular contractility were normalized in HC rats. Although relative wall thickness did not differ between C and H rats, HC rats had a higher relative wall thickness (Table 2) . Fractional shortening and ejection fractions were lower in H rats compared to C rats; these variables were higher in HC rats than in H rats and did not differ in CC rats compared to C rats (Table 2) . Time from mitral valve closure to opening, ejection time, and deceleration time did not differ between the groups ( Table 2 ). The ratio of early mitral inflow velocity to late mitral inflow velocity was lower in H rats compared to C rats, whereas it was higher in HC rats compared to H rats without being affected in CC rats compared to C rats (Table 2) . Left ventricular mass estimated from echocardiographic examination was higher in H rats compared to C rats and it was lower in HC rats compared to H rats. Wet weight of left ventricle (with septum) was higher in H rats compared to C rats and was not affected by CE in both CC and HC rats ( Table 2 ). Right ventricular wet weight did not differ between H and C rats, whereas right ventricular wet weights were higher in CC and HC rats compared to those in C and H rats, respectively ( Table 2) . Left ventricle from H rats had a higher infiltration of inflammatory cells (Fig. 2C ) and collagen deposition (Fig. 2G ) than C rats ( Fig. 2A,E) . CE prevented the infiltration of inflammatory cells (Fig. 2D ) and collagen deposition (Fig. 2H ) in left ventricle of HC rats. Diastolic stiffness measured through diastolic stiffness constant was higher in H rats compared to C rats and was lower in HC rats than in H rats ( Table 2) .
Noradrenaline-induced contraction (Fig. 3A) and sodium nitroprusside- (Fig. 3B ) and acetylcholine- (Fig. 3C) induced relaxations of isolated thoracic aortic rings were lower in H rats than in C rats; these responses were normalized in HC rats. In CC rats, acetylcholine-induced relaxation was higher than in C rats (Fig. 3C ) and noradrenaline-induced contraction (Fig. 3A) and sodium nitroprusside-induced relaxation (Fig. 3B) did not differ from C rats.
Hepatic structure and function. Liver from H rats had a higher infiltration of inflammatory cells (Fig. 4C) and presence of fat vacuoles (Fig. 4G ) than did C rats (Fig. 4A ,E) along with higher liver wet weights ( Table 3) . Portal fibrosis was higher in livers from H rats (Fig. 4K ) compared to those from C rats (Fig.  4I) . Although the fat deposition was attenuated in HC rats (Fig.  4H) , the liver wet weights did not differ compared to H rats (Table 3) . CE prevented the infiltration of inflammatory cell and portal fibrosis in HC rats (Fig. 4D,L) .
Plasma activities of ALT, AST, ALP, and LDH were higher in H rats than in C rats (Table 3) . HC rats had lower plasma activities of these enzymes compared to H rats (Table 3) . CC rats had lower plasma activities of ALT and ALP than C rats where AST and LDH did not differ compared to C rats (Table 3) . Plasma concentrations of albumin and total bilirubin did not differ between the groups (Table 3) . Plasma urea concentrations were lower and plasma uric acid concentrations were higher in H rats than in C rats. These changes were attenuated in HC rats (Table 3) .
Discussion
Coffee is a complex beverage with potential health benefits and problems, containing many bioactive compounds, including phenolic acids with antioxidant properties, diterpenoid alcohols, and caffeine (20) . Thus, understanding the overall effect of the mixture of all the constituents in coffee is necessary. The brewing process determines the constituents of CE (11,20) ; FIGURE 1 Effects of CE on body weight (A), oral glucose tolerance (B), abdominal circumference (C), and systolic blood pressure (D) in C, CC, H, and HC rats. Values are mean 6 SEM, n = 10. End-point means without a common letter differ, P , 0.05. C, corn starch-rich diet-fed rats; CC, corn starch-rich diet-fed rats treated with coffee extract; CE, coffee extract; H, high-carbohydrate, high-fat diet-fed rats; HC, highcarbohydrate, high-fat diet-fed rats treated with coffee extract.
Coffee in diet-induced metabolic syndrome 693 filtering was preferred to keep the phenolic acids intact and reduce the diterpenoid content. In most previous studies, coffee responses were characterized by focusing on one particular condition, e.g., hypercholesterolemia (11, 14, (19) (20) (21) 29) . To overcome this problem, we characterized the effects of CE in a model with most of the complications of metabolic syndrome, including obesity, hypertension, impaired glucose tolerance, cardiovascular remodeling, nonalcoholic fatty liver disease, and dyslipidemia (23) .
High-carbohydrate, high-fat diet induced the symptoms of metabolic syndrome in rats as in our previous studies (23) (24) (25) . We reported that these diet-induced symptoms can be either reversed or prevented from further progression by intervention with natural products such as purple carrots (30) , olive leaf (24), showing collagen deposition and hypertrophy (E-H, fibrosis marked as "fi" and hypertrophied cardiomyocytes as "hy") from C (E), CC (F), H (G), and HC (H) rats. C, corn starch-rich diet-fed rats; CC, corn starch-rich diet-fed rats treated with coffee extract; CE, coffee extract; H, highcarbohydrate, high-fat diet-fed rats; HC, high-carbohydrate, high-fat diet-fed rats treated with coffee extract.
chia seeds (25) , and rutin (31) . The same protocol was used in this study to show that CE attenuated most of the changes in cardiovascular and liver structure and function and in glucose tolerance, whereas abdominal central obesity and dyslipidemia were unaffected. Although previous studies of coffee have shown higher serum cholesterol without changing TG concentrations (19), we found that cholesterol was lower, with higher concentrations of TG and NEFA. This inability to lower TG and NEFA may explain the lack of effect of CE on obesity.
In this study, CE supplementation in diet-induced metabolic syndrome in rats lowered blood pressure, although earlier studies characterizing the effects of coffee on hypertension in humans reported conflicting results (32) (33) (34) . Earlier reports support a lowered risk for type 2 diabetes with coffee consumption (35) . This study shows that coffee intake in rats is associated with lower basal blood glucose concentrations and attenuation of impairment in glucose tolerance despite the chronic consumption of a diet that impairs the glucose tolerance. Similarly, plasma insulin was lower in CE-supplemented rats.
The cardiovascular structure showed attenuation of the dilation and fibrosis in the left ventricle, whereas left ventricular wall thickness was higher, indicating the presence of hypertrophy. Apart from these structural changes, ventricular contractility was enhanced with CE supplementation. These conditions resemble the physiological hypertrophy seen in athletes where the heart becomes more efficient. Recent studies have also shown beneficial effects of coffee on liver disease, lower bright liver score indicating fatty liver and liver cancer, because an inverse relation was found between coffee consumption and the development of liver complications (36, 37) . In this study, we found protective effects of CE on the liver. In diet-induced metabolic syndrome, there is development of nonalcoholic fatty liver disease (23, 31) . Steatosis, inflammation, and fibrosis in the liver developed by the H diet were attenuated with CE supplementation along with improvements in liver function measured through plasma liver enzymes.
In nonobese healthy men and women, caffeinated coffee reduced flow-mediated dilation of brachial artery, indicating the induction of endothelial dysfunction. This response was induced by caffeine, because this detrimental effect was not seen with decaffeinated coffee (38, 39) . However, these studies measured acute effects. In healthy as well as diabetic women, long-term caffeinated and decaffeinated coffee consumption was inversely associated with the markers of inflammation and endothelial dysfunction (40) . Our study has shown that coffee attenuated the vascular damage induced by the H diet. These results were shown as higher vascular contraction with noradrenaline and higher vascular relaxation with both sodium nitroprusside and acetylcholine after precontraction with noradrenaline.
Abdominal obesity has been associated with the occurrence of cardiovascular disease, nonalcoholic fatty liver disease, and impairment in metabolic function, including glucose tolerance (41, 42) . In this study, CE supplementation did not alter the amount of fat present in the abdominal areas and the plasma compared to H rats. However, the changes in structure and function of the heart, blood vessels, and the liver in H rats were attenuated. These results may classify the CE-supplemented rats as metabolically healthy. One of the possible reasons could be the change in types of fatty acid that were stored in the adipose tissues. A further study determining the types of fatty acid present in the abdominal area will help in understanding the mechanisms.
The diterpenoid alcohols cafestol and kahweol may cause deleterious effects of coffee (11, 19, 20, 43, 44) , with the coffee polyphenols producing benefits (20) and caffeine showing contrasting results, including increases in cholesterol (22) . Our results suggest that all these components were active and the effects observed were cumulative.
In this study, 50 g of Colombian coffee was used to make 50 mL of CE, which was then mixed in 1 kg of food. This provided a daily dose of~3 g coffee/kg body weight in rats. This dose corresponds to 60 g coffee/d in a 70-kg human based on scaling equation (45) or 35 g/d based on body surface area comparisons between rats and humans (46) . Generally, 7-8 g coffee is required to make a cup of coffee (19) . Thus, the dose of coffee used in this study corresponds to~4-5 cups/d of coffee according to body surface area comparisons and~7-8 cups/d of coffee according to scaling equations. Similarly, the daily dose of caffeine from CE corresponds to 30-35 mg/kg in rats depending on their body weight. This dose corresponds to~0.6 g/d for a 70-kg human (according to scaling equation) (45) and 0.35 g/d FIGURE 3 Effects of CE on noradrenaline-induced contraction (A), sodium nitroprusside-induced relaxation (B), and acetylcholine-induced relaxation (C) in thoracic aortic preparations from C, CC, H, and HC rats. Values are mean 6 SEM, n = 10. End-point means without a common letter differ, P , 0.05. C, corn starch-rich diet-fed rats; CC, corn starchrich diet-fed rats treated with coffee extract; CE, coffee extract; H, highcarbohydrate, high-fat diet-fed rats; HC, high-carbohydrate, high-fat diet-fed rats treated with coffee extract.
Coffee in diet-induced metabolic syndrome 695 (according to body surface area calculations) (46) . An earlier report associated best performance with an intake of 0.4 g/d caffeine in humans (47) .
In conclusion, CE attenuated hypertension and impairment in glucose homeostasis without affecting abdominal fat deposition and plasma lipid profile in diet-induced metabolic syndrome in rats. It also attenuated the changes in structure and function of the heart and the liver in these rats. A study in humans with .2 variables of metabolic syndrome could determine its beneficial effects. Because coffee is one of the major nonalcoholic beverages throughout the world, it is important to estimate the extent of its effects on human health. , and HC (L) rats. C, corn starch-rich diet-fed rats; CC, corn starch-rich diet-fed rats treated with coffee extract; CE, coffee extract; H, high-carbohydrate, high-fat diet-fed rats; HC, high-carbohydrate, high-fat diet-fed rats treated with coffee extract. 
